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1. INTRODUCTION 


This report is completed in partial fulfillment of NASA-USRA 
Grant NGT-8001 . The purpose of this report is to determine the 
feasibility of commonality objectives dictated in Reference 1. 

The feasibility of commonality will be discussed in terms of 
weight penalties that will increase the take-off weight of several 
members of the family of airplanes. Preliminary designs of 
fuselage structural members and a discussion of weight penalties 
due to implementation of common fuselage structure throughout the 
family is contained in Chapter 2. 

Wing torque box designs along with structural weight 
penalties incurred are discussed in Chapter 3. 

Chapter 4 contains a landing gear design study along with the 
weight penalties that a common gear system will impose. 

Implementation of common powerplants throughout the family 
and the weight penalties that occur is the subject of Chapter 5. 

Chapter 6 summarizes the weight penalties Imposed by 
commonality on all the airplanes in the family. Class II weight 
breakdowns are also presented. The feasibility of commonality 
based on a percentage of take-off weight increase over the Class 
II baseline weights will then be assessed. 

It should be noted that a complete assessment of the benefits 
or penalties of commonality cannot be realized until an operating 
cost and acquisition cost study is completed. 
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2. PRELIMINARY FPSELAGE STRUCTURAL DESIGN 


The purpose of this chapter is to present the preliminary 
structural designs of fuselage bulkheads and stringers. Velocity- 
load factor diagrams for the commuter family are contained in 
Appendix A. The diagrams were used to help size structural 
components and compute Class II component weights due to ultimate 
loading conditions on the airplanes. Table 2.1 summarizes the 
limit load factors for the family of commuter airplanes. 


Table 2 . 1 

Limit Load Factors 

Model 

n lim 

25 

2.87 (gust critical) 

36 

2.68 

50 

2.56 

75 

2.50 

100 

2.50 


2.1 PRELIMINARY STRINGER SIZING 

Using a method in Reference 2, the fuselage stringers were 
designed. Appendix B contains the calculations. 

Twehty-four z-stringers are spaced equally around the 
fuselage. Table 2.2 summarizes the optimum stringer cross- 
sectional areas and weight per foot. 


Table 2.2 Stringer Summary 


Model 

Area (in 2 ) 

lbs/ft ( A1 2024) 

lbs/ft (ARALL) 

25 

.08 

.097 

.085 

36 

.13 

.158 

. 138 

50 

. 17 

.206 

.181 
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Table 2.3 shows that Implementing the .17 in stringer on all 
airplanes will cause fuselage weight penalties. 


I 

I 


Model 


25 

36 

•50 


Table 2.3 Weight Penalty Due to Selection 




of .17 

in ARALL Strinaers 


( fts) 

optimum 
stringer wt . 
(lbs) 

.17 in 2 
stringer wt . 
(lbs) 

W fus due to 
stringer commonality 

(lbs) 

69 

.4 

142 

302 

160 

78 

. 1 

259 

339 

80 

94 

.6 

411 

411 

0 


2.2 PRELIMINARY BULKHEAD SIZING 

A thickness of .06 in will be used for all fuselage frames 
that do not connect major structural components. 

A .10 in thick frame will be used for pressure bulkheads, 
frames that connect wing spars, landing gear attachment points, 
engine mount attachments, etc. All airplanes in the family will 
use these frames. Weights of the frames are given in Table 2.4. 


Table 2.4 Fuselage Bulkhead Weights 

Material ♦ 06 in frame .10 in frame 

Aluminum 10.1 lbs 16.8 lbs 

ARALL 8.9 lbs 14.7 lbs 

Using Ar amid- Aluminum (ARALL), Table 2.5 summarizes the total 
bulkhead weight of each airplane in the family. 
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Table 2 . 5 ARALL Fuselage Bulkhead Weights 


Model 

No. of. 06" 
frames 

No. of .10” 
frames 

Total bulkhead 
weight (lbs) 

* W fus 

25 

30 

8 

385 

19.4 

36 

33 

10 

441 

12.7 

50 

46 

7 

512 

9.7 

75 

66 

20 

882 

12.7 

100 

92 

14 

1024 

9.7 


Figure 2.1 contains the frame and stringer arrangement. 


The 


frame cross-section is also shown 
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WING TORQUE BOX DESIGN 

The purpose of this chapter is to present a common wing 
torque box design for the family of commuter airplanes. Figures 
3.1 through 3.3 present wing cross sections with the common torque 
box arrangement shown. 

3.1 WING SPAR SIZING 

Using a method in Reference 2, the wing spars were sized from 
a maximum wing root bending moment. The required spar areas are 
listed in Table 3.1. 


Table 3 . 1 Wing Spar Areas 


Passenger Model 


Spar Area ( in ) 


25 4.21 

36 7.26 

50 10.8 

75 7.26 

100 10.8 

Appendix C contains the wing spar sizing calculations. 

This is where a design choice has to be made. It appears 
that the best solution for commonality and weight purposes would 
be to arrange the torque boxes as shown in Figures 3.1, 3.2, and 
3.3. These torque boxes are arranged so that only one spar 
cap/strihger size (a standard 4 x 3.5 x 5/8 inch angle) is needed 
for all the airplanes. On the 25 passenger only four spar caps 
are needed as shown in Figure 3.1. On the 36 passenger 7 of these 

are needed. One possible way to arrange them is as shown in 


Figure 3.2. On the 50 passenger, 10 are needed; a possible 
arrangement is shown in Figure 3.3. 


6 



If no stringers were used, a highly concentrated load would 
be placed on the spar caps. Thus it appears more feasible to 
distribute the load on the 36 and 50 passenger airplanes as 
shown. There is no weight penalty involved if the torque boxes 
are designed in this manner. 
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4. CLASS II LANDING GEAR DESIGN 


The purpose of this chapter is to present the main gear strut 
and tire sizes for the commuter family landing gear. The landing 
gear weights are also presented and weight penalties due to 
implementing a common gear system is assessed. The Class II 
landing gear design work is contained in Appendix D. Table 4.1 
contains the Class II tire sizes compared with the Class I results 
from Reference 1. Table 4.2 contains optimized shock absorber 
lengths and optimized strut diameters. Table 4.3 contains the 
optimized landing gear weights and presents the weight penalties 
for choosing a common gear. Table 4.4 summarizes the Class II 
landing gear design decisions. 


Table 4.1 

Tire Sizes 

for the 

Commuter 

Family 

lx Model 

Class I 

Class 

II Nose 

Class II Main 

Nose & Main 

D x 

W (in) 

D x W (in) 

D 

x W (in) 




25 

30 X 6 

16 

X 4.4 

29 x 11 

36 

30 X 6 

18 

X 4.4 

26 x 11 

50 

30 X 6 

17.5 

X 6.0 

31 x 13 

75 

30 x 6 

18 

X 5.5 

26 x 11 

100 

30 X 6 

18 

x 5.5 

31 x 13 


Table 4.2 Shock and Strut Sizing for the Commuter Family 


Optimized Optimized . 

Pax Model Shock Length (in) Strut ^rea (in^) 


25 

17.3 

3.8 

36 

15.6 

4.7 

50 

16.3 

5.3 

75 

16.3 

4.5 

100 

16.1 

5.2 


11 



Table 4.3 Class II Landing Gear Weights 


Optimized Common Weight Penalty 


Model 

Gear 

Weights 

Gear 

Weights 






Nose 

Main 

Nose 

Main 

Nose 

Main 

Total 

* W T0 

25 

201 

765 

331 

1438 

130 

673 

803 

3 . 8 

36 

267 

1097 

331 

1438 

64 

341 

405 

1.3 

50 

331 

1438 

331 

1438 

0 

0 

0 

0 

75 

437 

2036 

662 

2876 

225 

840 

1065 

1.7 

100 

499 

2684 

662 

2876 

163 

192 

355 

0.4 


Table 4.4 Class II Landina Gear Summary 

Nose Gear Tire 
Main Gear Tire 
Shock Absorber 
Strut Diameter 

Length 

18" x 5.5" 
18" x 5.5" 
17.3 in 
4.7 in 


The weight penalties imposed by implementing a common landing 
gear system on all family members are particularly substantial on 
the 25 passenger model {3.8% of W^g) . The production economics of • 
this common gear arrangement should be studied before determining 
completely the feasibility of a common gear arrangement. 


I 
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5. POWERPLANT COMMONALITY STUDY 


The purpose of this chapter is to determine the weight 
penalties due to the selection of common powerplants. 

Table 5 . 1 presents powerplant weights for the commuter 
family. Optimized powerplant weights are compared to the weight 
of the powerplants selected for commonality purposes. Powerplant 
component weights were calculated from Reference 5. Powerplant 
weight breakdowns are contained in Appendix E. Reference 1 stated 
that a 6000 shp engine would power the 25, 36, and 50 passenger 
models, and a 13,500 shp engine would power the 75 and 100 
passenger models. 

The 13,500 shp engine was necessary to power the 
conventionally configured 75 and 100 passenger models presented in 
Reference 1. Use of the twin-body concept for the 75 and 100 
passenger models allows for a lighter take-off weight and a 
reduction in required engine shaft horsepower to an 11,000 shp 
model. A 5500 shp engine for use in the 25, 36, and 50 passenger 
models would reduce the weight penalty due to commonality for 
these airplanes. Using these smaller shp engines, the greatest 
weight penalty due to powerplant commonality is 2.8* of the 25 
passenger take-off weight (583 lbs). 
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Table 5.1 Summary of Powerplant Weight Study 


Model 

25 

36 

50 

75 

100 

SH P „ 
req 

4210 

4485 

5500 

9000 

11000 

SHP 

eng 

5500 

5500 

5500 

11000 

11000 

* 

optimum 

w 

PWR 

5274 

5422 

5898 

11811 

12862 

* 

actual 

W_ rra 

PWR 

5857 

5883 

5898 

12838 

12862 

W ot _ 

PWR 

583 

461 

0 

1027 

0 

* w__ 

TO 

2.77 

1.47 

0 

1.69 

0 

* 

Includes: Engine, Gearbox, 
Fuel System 

Nacelle, 

Propeller, Oil System, 

Actual 

W PWR are 

different 

due to different 

size fuel systems 



6, CLASS XI WEIGHT 


The purpose of this chapter is to present the Class II 
component weights for the family of commuter airplanes. Table 6.1 
contains the baseline component weight breakdown for the commuter 
family. Table 6.2 contains component weight breakdowns with the 
following commonality objectives and corresponding weight 
penalties, including: 

1 ) Common Fuselage Structure 

2 ) Common Wing Torque Box 

3) Common Landing Gear System 

4 ) Common Powerplants 

5) Common Fixed Equipment Weights 

Table 6.3 summarizes the Class II weights and documents the 

take-off weight penalties that commonality imposed. All airplane 

component weights were calculated from Reference 6. The component 

weights contained in Tables 6 . 1 through 6 . 3 have been calculated 

from the Class I take-off weights. No iterating to converge on a 

Class II. take-off weight was completed. The 25 and 100 passenger 
- ? 
models may require weight iterating. 

Table 6.3 shows the greatest penalty suffered due to the 
implementation of commonality occurs on the 25 passenger model. 

The weight penalty is 1546 lbs., or 6.6* of the Class II baseline 
take-off weight. This weight penalty appears acceptable. The 
direct operating cost increase will need to be evaluated before a 
final decision on commonality can be made. 
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Table 6.1 Baseline Component Empty Weight Breakdowns 


Model 

25 

36 

50 

75 

100 

w w 

1587 

1975 

2899 

3068 

4349 

w 

EMB 

267 

267 

267 

488 

488 

W„ _ 
V.T. 

281 

307 

340 

614 

680 

W H.T. 

125 

125 

200 

1027 

1027 

W PUS 

1982 

3483 

5278 

6966 

10556 

W AT 

1585 

1585 

1585 

3170 

3170 

W M.G. 

765 

1097 

1438 

2036 

2684 

W N.G. 

201 

267 

331 

437 

499 

W STRUCT 

6793 

9106 

12338 

17806 

23453 

w 

PWR 

5274 

5422 

5898 

11811 

12862 

W ec 

34 

37 

37 

44 

44 

W ess 

27 

27 

27 

91 

91 

M fc 

429 

729 

873 

1458 

1746 

W hps 

189 

283 

379 

546 

726 

W els 

735 

846 

944 

1103 

1253 

W aei 

445 

555 

658 

843 

1016 

W apsi * 

535 

878 

1092 

1755 

2183 

W ox * 

66 

82 

102 

164 

204 

W fur 

1358 

1995 

2535 

3969 

4952 

M APU 

60 

60 

60 

120 

120 

W pt 

105 

157 

210 

314 

421 

W PEQ 

3983 

5649 

6917 

10407 

12756 

W * 

16050 

20177 

25153 

40024 

49071 


Table 6.2 Class II Component Empty Weight Breakdown with 
Commonality Objectives Implemented 


Model 

25 

36 

50 

75 

100 

w w 

2899 

2899 

2899 

4349 

4349 

w 

EMB 

267 

267 

267 

488 

488 

< £ 

• 

HI 

• 

340 

340 

340 

680 

680 

w„ _ 
H.T. 

200 

200 

200 

1027 

1027 

w 

FUS 

2158 

3575 

5278 

7150 

10556 

W AT 

1585 

1585 

1585 

3170 

3170 

W M.G. 

1438 

1438 

1438 

2876 

2876 

W N.G. 

331 

331 

331 

662 

662 

W STRUCT 

9218 . 

10635 

12338 

20402 

23808 

u 

PWR 

5434 

5434 

5434 

12196 

12196 

W FS 

464 

464 

464 

666 

666 

W ec 

34 

37 

37 

44 

44 

W ess 

27 

27 

27 

91 

91 

M fc 

429 

729 

873 

1458 

1746 

w hps 

189 

283 

379 

546 

726 

W els 

735 

846 

944 

1103 

1253 

W . 
aei 

445 

555 

658 

843 

1016 

M apsi ; 

535 

878 

1092 

1755 

2183 

W ox 

66 

82 

102 

164 

204 

W fur 

1358 

1995 

2535 

3969 

4952 

W APU 

60 

60 

60 

120 

120 

V 

105 

157 

210 

314 

421 

W FEQ 

4447 

6113 

7381 

11073 

13422 

W E 

19099 

22182 

25153 

43671 

49426 



Table 6.3a Summary of Class II Baseline Weights 


Model 

25 

36 

50 

75 

100 

W 

TO 

25457 

33949 

43141 

67772 

84689 

W_ 

E 

16050 

20177 

25153 

40024 

49071 

W PL + CREW 

5535 

7995 

10865 

16195 

21320 

W tfo 

105 

157 

210 

313 

420 

W F 

3767 

5620 

6913 

11240 

13878 

Table 6 . 3b Summary 

of Class' 

II Weiahts ImDlementina 

Commonality 

W T0 

28506 

35954 

43141 

71419 

85044 

m e 

19099 

22182 

25153 

43671 

49426 

A w to 

3049 

2005 

0 

3647 

355 

% Change 
Above Baseline 

W T0 

12.0 

5.9 

0 

5.4 

0.4 


7. CONCLUSIONS AND RECOMMENDATIONS 

7.1 Conclusions 

1) The proposed multi-spar arrangement for the wing torque box 
does not impose structural weight penalties for the family of 
commuter airplanes. 

2) Implementing commonality objectives caused take-off weight 
penalties summarized in Table 7.1. 

3) The degree to which take-off weight can be penalized due to 
implementing commonality must be determined. 


Table 7.1 Weight Penalty Imposed By Commonality 



Over 

Class II 

Baseline 



Model : 

25 

36 

50 

75 

100 

A ww 

1312 

924 

0 

1281 

0 

A WFUS 

176 

92 

0 

184 

0 

AWEMP 

134 

108 

0 

66 

0 

AWL . 6 . 

803 

405 

0 

1065 

355 

Awpwr 

624 

476 

0 

1051 

0 

A WTO 

3049 

2005 

0 

3647 

355 

% Diff. over 
Class II 

baseline 

* 

12.0 

5.9 

0 

5.4 

0.4 
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7.2 Recommendations 

1 ) The performance degradation due to the take-off weight 
increase over the baseline needs to be evaluated. 

2) Cost savings due to implementing commonality into the 
designs of the airplanes should be evaluated and compared with 
Class II baseline costs. 

3) A Class II weight and balance should be completed. This 
should be finished before any more stability and control work is 
finished. 

4) An attempt should be made to use just two different 
empennage designs. 

5) A SSSA flight controller should be designed. 

6) The Class II drag polars should be evaluated. 

7) The roll performance should be checked, particularly that of 
the twin-body configurations. 

8) The installed characteristics of the propulsion systems need 
to be evaluated. 

9) Propel lors need to be designed. 

10) The Class II design work must be integrated into the 
Class I baselines. 


20 



8 . REFERENCES 


1. AE 790 Design Team, Presentation of Class I Designs for a 
Family of Commuter Airplanes . University of Kansas, 
Lawrence, KS; November, 1986. 

2. Bruhn, E.F., Analysis and Design of Flight Vehicle 
Structures ♦ Tri-State Offset Company, Cincinnati, Ohio, 
45202; 1965. 

3. Roskam, Jan, Airplane Design Part III: Cockpit and 

Fuselage Layouts . Roskam Aviation and Engineering Corp., 
Rt. 4, Box 274, Ottawa, KS; 1985. 

4. Roskam, Jan, Airplane Design Part IV: Layout Design of 

Landing Gear and Systems . Roskam Aviation and Engineering 
Corp., Rt. 4, Box 274, Ottawa, KS ; 1986. 

5. Anderson, R.D., Advanced Propfan Engine Technology 
Definition Study Single and Counter-Rotation Gearbox/Pitch 
Change Mechanism Design . NASA CR-168115, Allison Gas 
Turbine Div. , July 1985. 

6. Roskam, Jan, Airplane Design Part V: Component Weight 

Estimation . Roskam Aviation and Engineering Corp., Rt. 4, 
Box 274, Ottawa, KS; 1985. 

7. Abbott, I.H. and Von Doenhoff, A.E., Theory of Wing 
Sections. Dover Publications, Inc., N.Y. ; 1959. 

8. Roskam, Jan, Airplane Flight Dynamics and Automatic Flight 
Controls; Part I . Roskam Aviation and Engineering Corp., 
Rt. 4, Box 274, Ottawa, KS; 1979. 


21 



N/-r\ 


V — n TWsiAMS 


/- 7- g7 


IV. \ 


' ) ^ ~7>1 / S A^'fipGKib/ k- ;S *Pb 

^ C £?u-A<£ V~ n h/A C/Lj-i /* S r~b ^ 

7~H€ t^r^n^x ei' O*- w/ *7^^ /^v/2-^c_/4 /*■ €T S . 


Thfl K<£rrHc^ oV-€* CLA-^coo^r^ 

77f^ iS <Pd>~T>UnS C t*p Gy, V 

(^ r' jL^ r-C&C-r**- G (o . 


■fl \. 




% 


L v \± r~r w 


\- SI 


TXt l r 

6,r Cc moIC/JTS 

Vi Mo . 

k:\ 



A . 1 

A..1 

2 5 >A* 

\/ - rv Aifc- AM 

A.’t 

A.i 

it >A * 

V - n *'CZ i A£ Z A m- 

A • 4* 

fW 

S 0 7 s A t 

\J "~ ^ V \^>' 

A,W 

A.j: 

7$ >Ak 

ak 

A.\5 


/Oc. >Ax' 

\j - n ^1 

A 






22-144 200 SHEETS 


Jfcii 


.iX 


2H££ 1. D-g-l ■ ij-'fc- Vs , 

F^.v- Cr L ^ H'l 0 ! 


fc> V-ro'lPyx, 

OK’-viHAL PAGE IS 

OF POOR QUALITY; 


■P7;,1A 


7\^UhzI 


w /•/ i 


G V/ ■- vJ T j, i 2 ib L o -c 
^ i 4 2 I f 

V.vA- 6) C. w , U C t ^, 




/•S'/ 


v *• , c ? . / 


£ - J.V 

'-l r*-.*y - '• 



^ ( Til'S*/ HZ' ) / [, if* 77*.) 

Vc , *- /fcs. 2 7/,/^r = 9r.& *■'>•:. 

S~tfp 2, 'D-e-iff tf •r.g-.t,o A ftf V A 

Frr.^H.aQ^ V A ? "Vs, 



F^o.x (.W.-Z-33 


't/* 


^ 2. / -/ -2V o^&/ odci j 


r-'- 


/),>,.,« 2 2.1 i 2Vot^/ /& *:cA 


"T * .'J f r r r.- ^ H . 2 i 



V A > fcs.n) h-tiY 1 ~ 279.9*5*^ 


V A 2 lu ) this. 


Step.3 GuS-f- Lo^a fcr •!!.'<• l>y,e± 

C“ G.lS ff = 9.7/ raj"’ 

C't* fci.it') z (<aO/i)/ y>£. ^ C, 

fjc } '' 2/St)J / ('.0*2 3 7?y G. 7£ \37 . 2y 9. 7/7 


-LX 


;j 3 - H</.n 

from E^n(i/,/7) K 3 - / (s , 3 + ^ 3 ) " • < & e 



s. 3 / J v-/7; 


nj^ ^ V c 0/ - J* 

hi,*- /*. DDD/V't? 7 dr v 


<w 



22-144 200 SHEETS 



Vfs L"M£ ok- v : I :• 

OF FOOR QUALITY 

O- 2 D ow (f, Uj, - <cC- '-.(l 

orf 2 'j^ e - yi, 33- - /9- 2- •/ 

u s«? U d£ •' 1 4 *y$. 


~ Ti' n 

. . 1 .0/ 


Use 

—— 


O • 2o fcfco ** 
3 ~> Do^" •? ■ 
V <.f 

n ttn . 


v . 009 ?/ y 

'- D - £ r- 

’ - C-. t? 


b3i f : 


; } •, :.o: v . - f/^v f^rj 




i . oo 7 V V V 


\j I 


O - lo £f 
C(f 3o tobo/3 


u J£ = as- /fi 


1 Uj£= Ib-i") ' /O06 V/7/3 & 6fc0 ) - i/5. 

use* Ujr ' ^5 
a.n. - 1 * -00 372 V 


Sfep V % V<3 


i.S o-K 

/cife 5 < cV» k of C, 

- '<r 

. 7 - - /J 

Vt 



*V«ir 


^ 9 ^* ’ *■< 


r £«>. A; jol' / c - * V j ;<>%;' 

! / c -* 3.< -v3 - ^o- / /3. 

, MiSZ/pi $(?£■ C*I‘Z f&f Or U/.V JjfV(‘.o ft- *v. V* 30 ii'/jT'i. 
TiiS /£ v/l 30 600 K or c, r 2 // ^tfvi'i, i*c 

l-i'ts /s / w:. L?rr,->:t' tr>± u n ( r 'y:< , 




















3(o mx 
V-n hipCAAjA 


CALCULATE Vs 




of ro«x C "'- LW 1 


calculate V a 


CALCULATE Vn' 


C «MAX * ^0 !■< * 

V 4 , • f 2 ) /> Gw ] * 

V St ~ [z ( 21,395/449)/ (o.OC2?w)(l.5-t)J 
V Sl - 195 frs = //& /Ks 

ASSUMC: Limit LoA.t FACTO* = 2.<*8 

IV * (/.6S)( 31,29?) = a^, 139 /*>* 

V A * f 2 (8^il^/^9)/(0.0O227^X / -^)] 

V A = 3 > 2 Q fps « 189 Hs. 

X* V c =(lB < 9 + *43) Ms 

V c * ^32 k-fs 


IT- A.T MACH « 0.70 , h- 30,000 ft-. : 2)5. (o p S-r 

AT SEA- LEVEL ■ V* 424> -fps. 


V c * 252 


CALCULATE V t 


v b * /.25 V c 

Vb« /.25 (252 ) « 315 kh 


CALCULATE NEGATIVE STALL, SPEED UfjE 


^hax weG ” 

-/.o 

^ m max W£G 

/./ Cz. 


haxueg 


s -/./ 





l 2 (gw/sV^pG^^ j * 

{ 2 (31,3 95/-M c 0/fO.OO237& < ?X , '0! 


- 23/ *fps * /37 /rfs- 


CALCULATE bESlGhJ LIMIT lOAt> PWCTOfe •' 


> 2.1 + f 2<*,000 /(W * io,ooo)J 
z 2.1 * f 24,000 /(31,39s + lO,OOo)J * Z68 

• Z^8 


n Lim > - 1.0 up to v t > v**/es linearly from 

,mne 3- THE VALUE AT V/. TO ZE£0 AT \4.. 


CALCULATE LOAD FACTOR L/A/ES l 


n,„ - 


/ * <V 3 Uj. v C L „)A?8 (Giv/s) 

(Cj* 0.88^3 / (5.3 *^3) 

^3= 2(eu/s)/j°z%C Ltl 

J>* 0 . 002376 ? Slugs /£f 3 

c - 6 9 ft 

Ca W a - *•" '*<'*' ? 

* 2 ( 3/395 /- 4-r9) / (0.0023769X6.49^32.2X5. 


^ = 


55.09 


/o-22-e6 


Otp ru.A 

\/-n txAGftAM 


1. 


Mor^cun 


* 0*SS / C^-3 * 

- O. 88 ( O 9 )/( 5. 3 ♦ ^.O? ) 

- 0.803 

n,„ - l + (l$Uj, VC l< )/<18 (GV/s) 

ni,„ . I * [(o&03)Uj e V(f.ll )/-418(3l,3 <: ?5/^9)] 

n l; „- / + [/-I78- 'o-'a^vj 


GUST £/AJ£ • 

5iL ro -20,000 5*4 • Uj e - 6>G> -fpS 

20,000 to 30,000 £•*. : 6 ^ - - 47.33 ~ 0.000933 K 

* * 47. 33 - 0-000933 (, 30,000 
4/y e = /?.3*f 

USC •• (J<U - 6.6 £fs 

n, _ * / *■ 7 . 775 */ 0 *V 

1 1 On 


FoR V ft GUST l/EJg : 


Si. TO 20,000 <4 •• Ude * 50 <“ps 

*0,000 to 30,000 Uj e “ GG.G7 ~ 0. 000833 h 

* G6.67 “ 0.000833 (30j000) 
Uj c * ^ 1. 6.8 ?ps 

use : LlJe * 50 *ps 

n,, « I 4 5.8'ftx/0' 3 V 



foi z GUST jL/A/E: 

S L TO 20,0 OO S* • UjL t * 25 (ps 

20,000 TO 20,000 Si : Uj t * !<c.(e 7 

*• /{p.&7 
6U« * 4<!U 

USE ! * 25 -fps 

n,;„ - / * 2.945 */o~* v 


O.OOC*l7h 
0.00041? (30,030 














AE. 7 90 1 ?o t>a * V-tt Oia^- M . RDSS»£.LI_ 10 / 22 . 


k 

« 

r 

r\ 

»* 

V 

t 

i < 

t . 

5} 

? 

2 

i 

1 

S-fep i - Pe4'env>*i»na4io»^ 0 £ Vs. 

> 

k: 

=• 1.5 GW*. W/ T o *S = 5 *12 4+ 2 

Fro»~i . ( L t-.&') C* — 1*1 x 1.5 * ./•&€> 

(<3|V//sy * 1 »>o p*4 

Fro**-! £^*o. (4* 14^ > 

V 5| - [Z ( ^0 /('OOZIll) 0*^5 )J ^ 

= V Sj = 140.5 -? F «> = US kH> 

S4ep 2. ~ Pe4er ivuvveAioKk oA Vk * 

F"ro*^i £^»o. (H-. Z 3 ) , 

M (i ^ 2 ,/ «#• (zHooo /(VJ+ 10 000 )) 

vn . > 2.| + ^2l4 00o/(’a2057 + \DO 00 S) 

p*^> 

or > ,Z.S(o~ w»\l ua«. 2 .so 

P°^ 

“T’ku.'t. , ^roivi Z^n . (4.zz) , 

V A > V i( l^i;^ a 0 ^ 0 . 5 ) (i-'so) - 301 

TkvAS V* > 1.70.. k4s -* 

S+e-2 3 Cokj^-V ru.cViv»«i 4-V\e qus4 loa.ol 4a.c4©*“ lines 

C = 7. H-(o f+ Cl * 5.12. *-*<*'' 

Oc 

Fco*^ Eeji^ . (4.1*0 / 

^ 3 = 2.(Gw/s)/jJCg C t-t 

= Z(ll.o') //.©©2.V77)(7.44,)(3Z.z)(5.»z) 
- — 45. c? 

proK*^ E^.v» . (4.17^ i 

K 5 = 

- . 83 ( 4 Z. 6 ,) /(*.-*> + 42.C,} 

= = 0.17+ 

■ 


o 


FVow*\ ^ 

= I + f UjeVC^) /^?( 6 w /0 

= 1+ (.11^ U^ fe V (S.lZ^/mzC^l) 

= n,^ = I + U 44 xio" 1 * [i^eV 

Vg, l_\v\c 

Fre>Kvi ^ec\.\evc\ 4© 20,000 44 ‘. Ude ~ 

A4- "*>C>,ooo 44 : Ude - ^ 7 - 33 — (.oooq'S'i,') ( 30 , 000 ^ 

U 4 t= / * 7 , 34 
— U5C. Uje - -fps 

n, = / + . 0075© v — 

I iha 

Vg Liv^e 

■Seal eve. V +0 20 , 000 44 : Uj e «• ©O £ps> 

- A 4 30 , 00 o 4 + ; Uae * 6 > 4 >.Cs >7 000 ^3.3X30, 000) 

U4o = 41.6.8 
— u^e. Uae. = so *fpt> 
n.. = / + .00575 V -* 

linn 


Vo i— in e. 


6eA.\eveV 4-0 2-0,00044 : Uae * *fpi 

A4 “50 000 44 ; Uae- I4>.6> 7 - (. 000 4n )^ 3 oooo^) 

Uae = 4. |(p Apt> 

— u^>€- U de — 25 

n„ = l + . 00267 V -* 



o 


4 Pe.'Vorw* m<a.4~ 


\ OY \ o 


4 V, 


\/ b »5 cAt , Ve . r rv \ ivi €^ 4 


VO * v \ 


+4oe |va+cv scc4i ©k\ ©4 


4 Vve 0 N 


\ irv €. 4Ue ^»*<>4\ i » o ^. . Prowi ^"'3* 


iv v>a \ v\e 


d. 4-o l© e. * 


\/ R * nz k 4* 


>tep S De4erivMK)<xi->on ot Vo 

F rowo E^m.(4.2o) V/c- V 6 + 43 k4^ 

V c = H 2 4 43 = ZI 5 IcH 

\4©Nwe.VCV^ , VWe. wai^siov’v c\ 4 i c_<x4 1 °v\ ca\\«b 4o 

a. cv'u\ , se s,peeA o4 K - 0.7 0 o4 30,000 44 . ~TUi 5 

Cor r «.s ^> 0 *A<s> 4o 4- \ 2 k4*> a . 4 30 , 000 4-4 er a 

<| s 2 Ik p^4 . A4 * 5 «A\€Vtl 4-k.e, CC’rrCSpo'odivo^ 

KEAS ’i-> 2-52. k4S . ^itocc. 4-Ui^> \*> Icir^ev- +V\ 

Z\ 5 Vc4«s , . 

t y y \/ c - 2 . S 2 k 43““* 

^4e~y> Pe4er r\^4 \o r» o4 V p 

Frow* E<\V\. (M-.Zl) , Vp - I.2S Vc * U5(25 e) 


Vp= 315 k4«> 




P «-4 ev 


VHUA < x 4 lOr \ 


o4 -4-Vv.p ki«oa.4tv<. 54all Li Vo I 


«- 


-1-0 4 kut » C N , 


- 1. 1 


Fro*v\ E . (4.4) ; V s 


r -1V2. 

V* n ^ * 2 [(ll.o)/(\ 002377)0.0] 


1 i J 


V< * 330f*«b = W4s 

s *«3 




















ORIGINAL PAGE la 

OF POOR QUALTE2 


■Oi /. S) - /. 6 5 


w. fz £ 6 k Vs) y/> c., \ n 

* X-x, 

% ; [z { ?zi) / Coo*, i 76 5 ) ( /. *s J 3 


V'j t Zo 7 V>i 


/2i 


Z7S.Su/wf >> joXO AstcT-tpC Of Z.S - 


(l s)( { 06 8Z) - /S~/?oe 


Va -- £ 2 ( ,>rn 0 */ 7 iz) / (.00217*?; (/.<S S)1 


V'p: 3Z-7 Ppi = XfX XiQ 


Df TfiZ. /Z /ssr v : 


X - = J 9 + + 41 


\/ t S 2 37 


2T- XT /SAcH .70 , *©,*>«>© /£ £ .* Z>r.C psf 

A~r StE/OLC-SCL ; V : 4Z4 Jps 


r 2 5* 2 A-7-s 


V B r I.Zl \/e. 


Vp - £/. 2S3£2 5z) » 3 /£ ru_ 


t 



lo V/S .. ' c 


v-r. 


t?. - g / - e t 


original; page xg 

OF POOR QUALITY 


r - /.O 


( 'i.i)C-/.o J = - J 




2 

\ { 

l Z ( 6o6t>3 /7ti ) / C.ooZSTiS) C I. O 3 


ZS* T|»S - /5<3 Kit 


r. . .> 2. . J £ 2. 4, ooo / ^ vy t , ^©o ) I 

i t. ) + t Z4,ooi> / C ■+■ *o.ooo)\ 


aim y$ > z . r 


A,. = 2 . B 

■ r>*% 


-i.o up to ; Macs /.W£A*.iy to zcf?o Ato** 

A to v a 


) + V c ltt ) / C 6'*’/s) 

. e e yfc-, / < r.z > 

/• a * z. ^ //> * 5 


/ - . oov s"J6<r f V 

7 . £ ' 


<Q . i r.B r c j" 

^ : 2. C AOi0i /72*) / C. ^ 7. 5 )£S2 -n)( S. 6) 




ASS’* 'S>£ 


V‘ r> OitiCRA* 


/O - 2 / - fl 6 


0 J.vi v'ili'JAjL/ I' J ^ ■ _i iv x j 

Of) POOR QUALITY 


>r 3 •• £ &e J C 5*o. r* S <r s-.i + &o . s*j 


'S * 


7 16 


; *» l (.7 46) v ( s.e)]/ 4ie ( it>iB ~An) 
) v 0. ej4 ?'o~ 4 ) Uji V 


D£T£ Has >ss£ V- : 


tA. 


'J, -* 


4"). i"i - £. e>s>c> ? 35.) £ 5«>.«e>s>; 


* ' * S ♦ 


u »£ 66 •*>/ 


'V- ~ • ° 06 BZ V 


pgrf </»>// \/£_ v£ : ; 66.67 - C. ooo 6\%) CsV'Ooo) 

tJj,: 4 >. 6 8 * ^66 //»* 


“ / * .oor /7 \/ 


prrftv:/vr 


; t£. 6 l - C - Ooo +n) CZo.&oo) 

2 *• 2 - 5 “ A' 

*/,>. - / ♦ .OOZT 9 ✓ -* 


I A 


i 
















/QQ P/O Tv.MiJ 


5-rep l. Deter niinof on of + lq stall efeed , V», 
Vs,* / t(.C-,v/i)//0C Ktryf 'f' 1 - 
loherc, 

GjV/* 80, 7/P lbs 

/D - 0-002777 S\U7S /ft-* -'.'i' ' ?DC 

^Nrnay. - ‘*1 ^ 

thus, 

Vi,* £ 2 ( SOlite/qZ^VCO, 001777 •!■ fee ^ 

V« ( - Z / / *ps * /25 knots 


Step 2. Determination of design limit load factor, n lirn 

The positive limit imaneoi/enng load factor, rg e 
is determined from*. 

n lw * 2.1 + { 2 i 000 /( vj -ho , 000 ) ^ &) 

thus, 

n, ^2.1+ f ztooo/(8oi/fc-HO,oco)\ 

n, ^ 2. . 3P 

^pos 

but the. except 1 or is 
n, > 2,5 ot all times 

pos 


Step 3 . Determination of design maneuvering speed , Va 

v * * % njj- 

Va > R8 knots 


(3) 






72-144 200 SMCFTS 




V-n PlA MM' 


ico M 7v- !| h Lc£-X 




vW 


ep "i. Construction of <juei load factor lines. 

The oust load factor h nee ore defined bu, the 
fo\\ou?ina> equation •. 




nrr 


( Ko Ude VC. )/‘MS fev.//s) 


t<0 


inhere 

Aq* 2>(Gv.'/e)//>cg C Loi ;, C L#t * 6>.oi rod' 1 

xco » Z(8o7/fe/9z3)/ (o.ooiH7};8^)(:'2,:/( fc.cn ) 

sj 

xij * V5.Z at S.L. 
xt'.c, -- /Z.0.6 ' at 3o,co? ft. 
and 

Kg» O.SSMc /(Sr^Ao) 

Kg * 0,788 at S.L. 

Kg* 0. St 3 ot 3o,ooo ft 
thoe 


(5) 


a,) 


n k * i + u dt v • /.oae */cr* o.t 5 l, 

For the V 6 <^ust line • 

Ude * 6?b fps 


n u = I t V* 7,15 x/D" 3 

For the Vc Qost hot* 

Ude * 50 fpe 

Yu * It V ^>.t9 * 10” 2 

nyr ( 

For the V D Cjost line*. 
Ude * £5 fps 
h Wi * I + V- 2,75 v (O' 2 




£.5^- 


V'-n Dia c,g.^r.:. 


/no Pax W BodV 


Step 5. Construct the C N line and qost lines. 

Frooi The V'-n Oust anoi maneuver diaqroms. 

Vg = 195 knots 

Vg TOllouJt from tne intersect of the +(o stall line 
and -' .it Vjv oust line. 


Step (o. Dctevrn.nation of design cruiS'-ng speed >V C 


(7) 


Or POOS. 00/- S' 


;y 


V c iV c -+t3 Knots 

i < 

it- 1 e , 

V c > 1 93 ^5 S 225 knots 
Ffor tV‘ i c mission require mcrrl t s 
AVer ■ 0. 7o at oopoo ft. 

5 * i /l( 0.OOO83 : V3)(W.1 •0.7D) 2 '* 2l5.(e> PST 

'cr 

At sea level this corresponds to 
V cr * tZkfps * 1C 2 knots 

(jjVncVn is > £38 knots required for o/osh requirements. 
5+ep 7. Deter m in at on of design diving soeed, V 0 
V D > 1. 25 V c 
thus, 

^ 315 knots 

Step 8. Determination of negative stall speed line. 


It u)\U be assumed tkat C Lrno . # 
C 


-1,0 and 




t not 


ttius, 




V s ne /- £ i(8O,7/fc/973)/(0,OC13Ti)( I. IO)V /J 


257 knot* 


nee 

<i 



















1 riLl 



cf (2 oijr^r <k 

><£. , oc 

B.\ 

~L-Nr7 e £_tftiOcrn‘D ^ 

■fc.\ 

■fe.2- 

Cbz-^^ & ^€L«rT-rtx.>Acj_ 

•kftCAS 

U3> 

SSk_ 

us 

UM 

"**t^ ju. t£. .H ^ AO 

•EJl 

US 

"BoiOCHCACi &vJ SrufcM’ 

TX.^ 


"Fo iCi-Acr 


~T- 


a. I Xrft ^.L-O cTT^aJ 


~T»-(^ csf ‘ttus ’ »s t~o 

'b C-pc'ck if-rtT N b »n.€.-ro t'Grj ^ -Kcti o-tT-i Cb'-TT ^ pr 

T y £ *c <_ A 6. ^ s.'v "fe- 0 ct 0 > h ^ ^ P <r A -r^ t £ \ 


A S'r'te.i 0 C €~z.s. 

*..) l5ocKHC-MiS 

'Th'C t^V ^ Cj^A O r t, *Sr-fe-C C*T u *uAt- CjC^^Ps^x5rJ~T~S 

Vj* c-c. id ^ htA£> C £>~ A“fei7^ a*(Q£ *“* '*'</a< 

/ Tkc sMSn<t^r^ s^y/ats^ ,AE-AlC_ 
l S 'T'A^iivA'mS (/\i '■t^r n ft Ang*'*! 


ORIGINAL PAGE IS 
OF POOR QUALITY; 


/ 




! ae 7 =#c> wflSA m<c*.’v ; 

; ncc . K iq-M- Fo>,ri»m SSfcMkEi&i — OviMUgX f? (TVFUKlNr 

B.2. GfK-CJiUVTE. 0j£.O5S> CbE-CnoUfiL FH2£:F) CLP 

•sreikittcs 


Foe, THt. PXVtRMPtL. moOlEMT > 

Tv\X 'g.^MDiWtr :5C££SS QAM B't. Cl^(JlMAT&£) 
^>S> TWH. 'pO U_ CAi-^ M b- 't.Cs'ifvTlOkl • 

m c 

®b = ~J~ 


(j>\LR£_ : 

j 

in- is the. mFfxvmoro (.oemcAL^) BtwDiWfc- | 

(twis ^5 CM.cva.toxD im SECnoM 

CL- TME- EXTREME. Ft^E-ft 

x - momEAir op \ME.GnFv 

I 

poR sioaM FtoroiMcrn I 


& b = 33,e>oo psi 

AKip 

FRom secncR _ ,twe_ (approx.) 

mFvx\monr\ 'onU^^MV \&KS 

OJfVLC^UWT^C - TO 6E_ • 


I 



as PfrSSEMfcrER. Vr “ O. in ' 3 

MOTE i THE MFLMES C C /jO /9&H. F0& 

| 

THE. <3t\^EM SEcXtOM. /AMD MOT 
FOE fV StMOCE SrR.lMfcrE£> 

Si MCE. THE DlFmETEE OF THE FcSELR^E IS 

The ‘Sfvooe for of the three AvEcRJVFTy 
THE MVMJOE OF <L is- 

DtWmETER = %,(c" 

*" c= §■ - ms. 3" 


DEC- 15 


f\L 7qo wfvsft poster j 

*rg\Ut-HeS- l gHfiOtJEvg DxEAlPJAlE 


St.u'oifJb- for The. \tomemt or iMERrm 


foe 

SO 

PASSEM(tEO ' 

r = 

SSte.S \n' J 

FoE 

3b 

pf\SSEM(>E£. : 

X - 

1 71 .O \o q 

Foa 

<$!z> 

PA56EMfcE&’ 

T = 

113. 1 

TREAT! Mb- 

EACH ^TElM^EQ 

AS A 

poiur mASS 


Rather th/ha ft i - ■striker , the. roooiEwr 

OF lUECTlft fog. th^. sector Ram be. 

QALOJOLArTEE) B>S 'OSIMb- YV\E- TCU_CA.O(A4b- 
EOCiATioM 5 

FOE (ft (H ioekI BEOnou: 

X = 2 Ay J 
lOHE&E 

^ - VS THE SECTIONAL A&EA- OF 
The, SH2jKi<>Ea CTbrfvu sr&Mbee 
y - ^S THE V)E£X\CfVC DvsrrvMCE. 

THE- CENTER U ME /q-KlS 

F£om The A 80OE. EOOfVHOM) THERE \S 

Tv£>0 vo^FKAOVOHS> THE TOTfVC ft£EA THE 

OE£XlCJVO_ OlSPLftCJLrAEMT OF THE. ST(RlUFE&!S. 
SO To ^OOO'E- Ec& THE TOTTVC H£EH-;> THE 

8ETV)itE)A ST£lM0r&2S 

VOE£X\CJVL D\S9LfVOEmE/OT^^HS HSSomEO TO 
EE 10 ". THIS 0l5P0fV0EnnEUT V5FLOE 'oOFE 
oethmeo FH^rn refe^emce. I . 


rirc.'R QSk. 


ftE. 790 MftSft HffiSKJ 
B-EEuabE vTg'kIUrW 


Omaeiga-E DxcMoikAfe. 


XU-iOX AU_ T>aaE£. FOSE-LRfcrSS C <?S, 3b * so 

PftSSBMfctCS^ HftCB. TV\S_ SP\OiE. PiPirr>E.T£.£ 

CP =tb, eft *2 .os'. FPLfn simp le. 
(c&o(nE.ve>i C fee hrc F- irr), x-t v^ivs 
OxTEXm/uxO vhFT 2% snziMbte. vcocod 
BX ftXG)OVC.X0. ACS o, KMUiOlUbr THE"\bTiftL HEJb-TH OF 
P^SOLftbt. A-MD TMX Mornexc. 0?= . STft'MlytCS, 
Tv\f\V A2E. EOEMLS PlAC&D j TP^X VjXCXICR C 
Distance. FoeeiaoH stoiutta qau ese. 
©E.'TE&'rwUEO. 

a 


6.9 


<t 


t 

(D 


96>.6> 


FK>v^£E I ^>Pf\OUb- 


Dl5PLFVCE,mE/Ur 


tSTtL* k\^'EJ2S 


V, = 4.9 " 

p 


% =- " 

p 

NOrE : 

y s - &n" 

«? 

• rmo 15 Foe 

Yh = P7,k" 

p 

UFH_F OF TVIE 

y 5 = 3q>s" 

p 

FOSF^ft^. 

y< L, r MlW" 



y? = h^s" 

i 



13 Tt>naL 

FOP- HfVtF 


>>5 


— r?rc is 


t tt/vp sz £ i AlEEgS i (?Hft&LE5 £' OXEMPf/ifc ,1 


50 


x = aIy 5 

--pa 6*y’ -*• ^ yj + =?ys 

y 7 * * <?v<0 

vj^V'ejf «_ y 0 - C 


+ <*y«f +• <?v/ +■ «Py 4 p * 


AFTE.C. 

ti^s.Tvro'rtOAj ? 

r 

= c?A (_6fe<2:5. v> 

Fo£ 50 

PASSe^Jb-^C. •' 


A = O. 1 7 io* ) 

FOr2 3<b 

PA- SSEXl <*££. •• ( 


A = D> 1 3 in 3 \ 

P0£ ^5 

PA SSEA]&^£. ; 


A - C. 03 \r) s 

TO VOOE'H 

toTCM-AOVT^ \W\TO THE- 


FoQ. £ STfciMfcEPS 
ThOSO OfcLOE<> 
^EEfn ££<VOL>M W5c£4 

Hovso^.oEQ_ x The. 
<95 PfcSSOH^E 
srnft 


sraiKitr^S) XT poib-ur po^s\^H. Tx 

e£>¥ VCE. THE. ^TPlMtrECJS So OH TH(VT THE. 




i 


n c- t i w i 



ALcm//Jcm 
A U>E)W-\V 


aO'H 

' 7.7 

<p,£ 


I 

10 . % 

/,S 


7. / 

iff / ^ 

0-7 


ISHE£E_ THE- VDCLOHgE: -OF OMEL S>T£/M(>E£ ! 

i 

I 

! 

FC& Sfc PftE&EAlG-EQ, I 

V= C°''Xw')C^ t ',0 = O..I|G>«) -f* 5 : 

Foi 2 3 (t PASSEA/ferElZ. j 

\|= L°' '%<^C 7 S.O ■ 0.07.05V -ft :! 

Fp£ <95 Pf\SSEMfe-E^ . 

y_ (_ (_&>*?.*/> = ao' 40 </T 4 3 


Mere.: THB.’SS. OfUMB-S, SEE7>7 7X> Afc-E_ 

/q- "Sowa— dcTJTTKBoTlOAj to 7 WE. 
DOE^WJX- FCCE/j^E- esSQW -TT~ 

<5T) fts&vBLE. H££bi2 -■ (?& 0*c0E4s 


T 2 j?S' 


^jr 0 ^ RIGINAL PAGE IS. 
& a/ 7 -// OF POOR QUALITY 


i mu 

uum> ct/ 

TU-ULrt/'u< 

KMaaA 

frgpjL 

F.O 



mwi 


ZTPtiL L&AOS 


1 v ^ AF7" 

o.-V 


So PAX 


Asso^t^ ^ecoi^ = ' p ° 


Ck-t 


= (0.3-^S - C~0, os£$) 0 +, 7 <?^) <C.0-03V^)| 


="0 . 0 (ff 3 >o 9 


• 3 <c PmA 




= C°-33" C-O^iS) c^< ?£>tP-w$ 


= *0.01*7 <-// 


<^S Pfi-X 

Crx 


cx~t 


= C 0.3cP - C-O.o'tp (h , 7/} C-o.to^ 


- -D , Ole? 1 / 1 



PEC-t 


7TML Ltmjp 
NPfcfr £ f £x£-S>^: 




dcwriwoE. 


Tak_ ‘-0*0 = <1* \ g 
\£>\sftfe_ 5 A& PErE£/>1 wi£J? fiT~ 30,ic>v 
p =0. Oocm?3 St ' 0 '^ 3 O. * 9 ^V, ? %c 


*Kr 


fo£ Bo P4X 

L t - ~ D.Of/V^ C9/6 - ^ CS^<R> 

= ~ I V (o\. 3 lbs, 

Poe 36 P*X 

L, = "O.Ol/PV C^V9> 


/£>$X- 0 lbs 


FOC c?5 Pfl-X 


<- fe - 


- o.c,uiv 


= - f o i / . o Iks 


* toMECE. L*. “ TK\L L D/VD. 





PUi/CHSAO 


PA A Push 


/O i?£rc /9?P 
B. A&O AAX SUlFh/FAP PPS/Sm 

FROM Trip /TlPTHOAS PPSCA/6PP PPM 
A/AALA//P PA'S /Pry fa AT ZZT y £ US /A A PAP 
SAACzmP POP TAP P'0 £ASS £ /VP £ £ 
A/AAIAnP yy AS PP TPA//1 ///££ TO ££ 

20 XPCAPS. 

US//J& TH£ 20 XajCH SAAC/A/S 
OF TAP £u SAP PAPS / -TAP PO PASS Pm SPA 

A i A Ala up mas ppreA/n //vpp to pomta/m 

p~3 BulAHPAPS AS SHOm/V jSyy TAP 

i > T : t-0’CTUl-Ai_ ^rt2_*»^5r€. pL&-rri i«o CLm J2.. 



■ 

? pec me 

GULKPGAp 

PEAS OEM 


1 

1 

BULKhfEAp AW srupy 

'S A CPOES - 
POPOSEE 

1 

the Following F/Gupe 1 
SEcr/ow view of FHE P. 


BULKHEAD ; 



/. 5 " 






* 


the Bulkhead weight will 8e evaluatep 
using sheet thicknesses of o.oc twch 

AND 0. to XNCH . 


I 


*Bl*- 





/ PEC FEE 


FUSE LA E F 
FUSELAGE' 


£uc FHEAtP 


P! A METsF « 
PEE /METES - 


PPASUSH 

9E " 

2 irr * 3 oi. e ' 


THE Bulk 3 FAD VOLUME'S A At AS FOLLOWS: 
• FOE THE 0. 0£ XECH TH ICKMESS : 

V * ( 3 ot.e Yo.oe Ys. s') 

V - ‘fl.S ,W 3 • 0.058 -Pi* 

■ FOE THE O./O IUCH TH ICKMESS : j 

Y- ( 301 .eY 0 . 1 oY 5 . s') 

V * /ES.f in 3 * O. OJE -PL 9 


ALUHI/a/uMI PEHS/Ty * F74-. / /h /A 9 

ABAU PEKS/ry- /s3.o 'Ye* 3 



WEIGHT (LBS) 
, 06 " TH/CK 

WEIGHT (LAS') 
HO" TH/CK 

THICKNESS 

AW/ 

ALurrt JtiUlYl 

10 . / 

/C.S 

£7 


AAALL 

8.9 

)*. 7 



MATERIAL AW (lBS) 

" /.2 

2 ./ 


! 


\ 






APPENDIX C WING SPAR AND WEB SIZING 

The purpose of this appendix is to present the methods and 
calculations used to determine the required size of the wing spars 
and webs . ' 
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C.l INTRODUCTION 


The purpose of this section is to determine the critical 
loads which the wing will encounter in flight, then to determine 
the wing structure necessary to carry the resulting forces and 
moments . 

C . 2 DETERMINATION OF CRITICAL LOADS 

The method used to determined the spanwise aerodynamic load 
on the wing follows that of Reference 7. Tables C.l through C.9 
present the data used in determining the wing loadings for take- 
off, design dive, and landing velocities. From these, the span 
loadings are plotted in Figures C.l through C.6. 

C . 3 SHEAR AND MOMENT DIAGRAMS 

Using the critical loading condition, at design dive speed, 
the shear and moment at each wing section is determined using a 
method from Bruhn (Analysis & Design of Flight Vehicle 
Structures). This method is outlined in Table C.10. In addition 
to the shear and bending moment at each section, the required 
moment of inertia is determined as well. 

C . 4 SPAR AND WEB AREAS AND WEIGHTS 

From the required moment of inertia, it is possible to 
determine the spar area needed. Although the advertised yield 
stress of Arall is 77,000 psl, it has been advised that a more 
realistic value of 55,000 psi be used. This is shown in Table 
C.ll. A linear relationship is assumed between the spar cap area 
and the moment of inertia of the spar cap about its own centroidal 
axis. This amount is normally negligible but is Included in the 


C.2 




equation in Table C.ll anyway. The spar areas shown in Tables 
C.ll through C.14 are for one spar cap only. 

The spar weight is calculated by multiplying the spar area 

times the section width times the material density, which is 
3 

174.8 lbs/ft for aramid aluminum. The shear flow, web thickness, 
web area, and web weight are also determined, using the method 
shown in Table C.ll. The total web plus spar weight for each 
airplane is determined as well. All numerical values for the 
methods shown in Tables C.10 and C.ll are presented in Tables 
C.12, C.13 and C.14. 

C . 5 RESULTS AND CONCLUSIONS 

From the results of Tables C.12, C.13, and C.14, the required 
spar areas at the root are: 

25 pax - 4.21 in 2 

2 

36 pax - 7.26 in 

2 

50 pax - 10.8 in 

This is where a design choice has to be made. It appears 
that the best solution for commonality and weight purposes would 
be to arrange the torque boxes as shown in Figures C.15, C.16, and 
C.17. These torque boxes are arranged so that only one spar 
cap/stringer size (a standard 4 x 3.5 x 5/8 inch angle) is needed 
for all the airplanes. On the 25 passenger only four spar caps 
are needed as shown in Figure C.15. On the 36 passenger 7 of 
these are needed. One possible way to arrange them is as shown in 
Figure C.16. On the 50 passenger, 10 are needed; thus the 
arrangement shown in Figure C.17. 
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If no stringers were used, a highly concentrated load would 
be placed on the spar caps. Thus it appears more feasible to 
distribute the load on the 36 and 50 passenger airplanes as 
shown. There is no weight penalty involved when done this way. 
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22-144 200 SHEETS 



AT C.LE/kN « 1.5 , THE FOLLOUj/UG LIFT £>IST$ IBUTIOKJS 

CALCULATE^ . 


Table C.l 

25 Pax Lift 

Distribution at C r 

- 1.5 


V/(V2.) 

AS (*4*) 
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21 97 

O. 6 

34.9 

1.51 

7.11 

248 
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Its 

k b = 20,506 lbs 

Table C.2 

36 Pax Lift 

Distribution at C„ 

« 1.5 


V/Cb/2) 

AS(**) 

c/ 

JJ 

Ab(4f) 

l 

JL/At (ibs/ft) X (/fas) 

0.0 
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1.48 

7.34 
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0.2 

52. (o 
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Table C.3 

SO Pax Lift Distribution at C 

r - 1.5 


y /a/ 2 ) 

AS(*»*) 

_Ca 

Ab(«0 

J./&b (lbs/#) 2(/bs) 

0.0 

79.2 

1.48 
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PAX , THE FOLLOWING lift 

blSTfclBUT/OMS i/v/E&E OALCULATEb. 

TABLE 

C.4" 25 

FAX LIFT 

AT C L . 

0.15. 


V/fb/i) 


Cjt 

Ab (Ft) 

i/Ab (lbs/#) 

-X (/bs) 

0-0 

5G.5 

0495 
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3647 

O. 2 
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3329 
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Table C.7 

25 Pax Lift Distribution at C 
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Table C.8 36 Pax Lift Distribution at C L ■ 3.0 
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Table C.9 50 Pax Lift Distribution at C L « 3.0 
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Table C.10 Shear. Moment, and Inertia Equations 

/, STA7/0K) : ST = y /£fe/2.) (hi£NSULR.EI> FROM CE.hJTCR.UH5) 

2. LOAb : P * LPAb r#OM TABLES -/ , ~2 , ' 3 . 

3. 5MEA.R. : V - SUM of OUTBOA&b LOAbS AT EACH STAhJLJ'St 

STATION. 
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Figure C.8 Sectional Geometry for 36 and 50 Pax Wings 


Table C.12 25 Pax Spar Sizing Calculations 





P 

V 

dY 




Section 

Station 

Load 

Shear 

Width 

Di 

VxdY 


y/(b/2) 

(lbs) 

(lbs) 

(ft) 

(ft) ( 

ft-lbs) 


8 

1 

0 

0 

0 

0 

0 


7 

.95 

-72 

-72 

1.78 

.85 

0 


6 

.9 

-53 

-125 

1.78 

.85 

-128 


5 

.8 

97 

-28 

3.56 

1.71 

-445 


4 

.6 

1097 

1069 

7.11 

3.41 

-199 


3 

.4 

2230 

3299 

7.11 

3.41 

7601 


2 

.2 

3329 

6628 

7.11 

3.41 

23456 


1 

0 

3647 

10275 

7.11 

3.41 

47125 


Mx 



My 




>xDi 

X-Moment 

Xi 

PxXi 

Y-Moment 

FSxMx 

FSxMy 


:-lbs ) 

(ft-lbs) 

(ft) 

(ft-lbs) 

(ft-lbs) (ft-lbs) 

(ft-lbs) 


0 

0 


0 0 

0 

0 

0 


-61 

-61 

-3. 

83 276 

276 

-92 

414 


-45 

-234 

-3 

.5 186 

462 

-351 

693 


166 

-513 

-2. 

83 -275 

187 

- 770 

281 


3741 

3029 

-1 . 

67 -1832 

-1645 

4544 

-2468 


7604 

18234 

• 

25 -558 

-2203 

27351 

-3305 


11352 

53042 

1 . 

42 4727 

2524 

79563 

3786 


12436 

112603 


3 10941 

13465 

168905 

20198 








Section 







Spar 

Spar 


Chord 

Zf 

Zr 

Zave 

IXX/4 

Area 

Weight 


(ft) 

(ft) 

(ft) 

(ft) 

(in‘4) 

(in-2) 

(lbs) 


3.39 

.185 

.176 

. 181 

.000 


.00 


3.5 

.191 

.181 

.186 

.028 

.013 

.03 


3.83 

.209 

. 198 

.204 

.117 

.025 

.05 


4 . 5 

. 245 

. 233 

. 239 

• 301 

.040 

. 17 


5.33 

.29 

.276 

.283 

2.104 

.180 

1.55 


6.33 

.345 

.328 

.337 

15.061 

.904 

7.80 


7.5 

.409 

.389 

.399 

51.948 

2.229 

19.24 


8.46 

.461 

.438 

.450 

124.239 

4.214 

36.37 





Weight of one spar 

65.22 


Shear 


Web Web 

Web 

Total web + 


Flow 

Thickness Area Weight 

spar weight 


( lbs/in) 


(in) (in 

*2) (lbs) 

(lbs) 


.00 


.000 

000 

000 

0 



-24 . 19 


.000 

000 

000 

. 1 



-38.39 


.001 

005 

000 

.2 



-7.32 


.000 

000 

000 

.7 



236.09 


.004 

027 

006 

6.2 



612.74 


.011 

089 

097 

31.4 



1038.22 


.019 

182 

492 

77.9 



1428.67 


.026 

280 1 . 

435 

148.3 





TOTALS 

: 2. 

030 

264.9 




Table C.13 36 Pax Spar Sizing Calculations 




P 

V 

dY 



Section i 

Station 

Load 

Shear 

Width 

Di 

VxdY 

y/(b/2) 

(lbs) 

(lbs) 

(ft) 

(ft) 

(ft-lbs) 

8 

1 

0 

0 

0 

0 

0 

7 

.95 

26 

26 

1.84 

.88 

0 

6 

.9 

73 

99 

1.84 

.88 

48 

5 

.8 

416 

515 

3.67 

1.76 

363 

4 

.6 

1945 

2460 

7.34 

3.52 

3780 

3 

.4 

3314 

5774 

7.34 

3.52 

18056 

2 

.2 

4596 

10370 

7.34 

3.52 

42381 

1 

0 

5030 

15400 

7.34 

3.52 

76116 


Mx 



My 



PxDi X-Moment 

Xi 

PxXi Y-Moment 

FSxMx 

FSxMy 

ft-lbs) (ft-lbs) 

(ft) (ft-lbs) (ft-lbs) 

(ft-lbs) 

(ft-lbs) 

0 

0 

0 

0 

0 

0 

0 

23 

23 

-3.83 

-100 

-100 

35 

-150 

64 

135 

-3.33 

-243 

-343 

203 

-515 

732 

1230 

-2.5 

-1040 

-1383 

1845 

-2075 

6846 

11856 

-1.5 

-2918 

-4301 

17784 

-6452 

11665 

41577 

.25 

829 

-3472 

62366 

-5208 

16178 

100136 

2 

9192 

5720 

150204 

8580 

17706 

193958 

3.67 

18460 

24180 

290937 

36270 






Section 






Spar 

Spar 

Chord 

Zf 

Zr 

Zave 

IXX/4 

Area 

Weight 

(ft) 

(ft) 

(ft) 

(ft) 

(in-4) 

(in-2) 

(lbs) 

3.5 

. 184 

.175 

. 180 

.000 

.000 

.00 

3.92 

.207 

.197 

.202 

.011 

.008 

.02 

4.17 

.22 

.209 

.215 

.071 

.016 

.04 

4.58 

.241 

.23 

.236 

.711 

.090 

.40 

5.75 

.303 

.288 

.296 

8.600 

.666 

5.93 

6.83 

.36 

.342 

.351 

35.821 

1.977 

17.61 

7.83 

.413 

.393 

.403 

99.055 

4.166 

37.12 

8.74 

.461 

.438 

.450 

214.001 

7.257 

64.66 




Weight of 

one spar 

125.78 

Shear 

Web 

Web 

Web 


Total web + 

Plow 

Thickness 

Area 

Weight 


spar weight 

(lbs/in) 

(in) 

(in‘2) 

(lbs) 


(lbs) 


.0 

.000 

.000 

.00 


0 


8.0 

.000 

.000 

.00 


. 1 


28.8 

.001 

.005 

.00 


.1 


136.7 

.002 

.011 

.00 


1.6 


520.3 

.009 

.064 

.05 


23.8 


1028.1 

.019 

.160 

.38 


71.2 


1608.3 

.029 

.280 

1.42 


151.3 


2141.3 

.039 

.421 

3.71 


266.1 



TOTALS : 

5.56 


514.3 




Table C.14 50 Pax Spar Sizing Calculations 




P 

V 

dY 



Section 

Station 

Load 

Shear 

Width 

Di 

VxdY 


Y/(b/2) 

(lbs) 

(lbs) 

(ft) 

(ft) 

(ft-lbs) 

8 

1 

0 

0 

0 

0 

0 

7 

.95 

35 

35 

2.11 

1.01 

0 

6 

.9 

96 

131 

2.11 

1.01 

74 

5 

.8 

545 

676 

4.22 

2.03 

553 

4 

.6 

2552 

3228 

8.33 

4 

5631 

3 

.4 

4355 

7583 

8.33 

4 

26889 

2 

.2 

6029 

13612 

8.33 

4 

63166 

1 

0 

6606 

20218 

8.33 

4 

113388 


MX 



My 



PxDi X 

-Moment 

Xi 

PxXi Y-Moment 

FSxMx 

FSxMy 

( f t-lbs ) (ft-lbs) 

(ft) ( 

ft-lbs) (ft-lbs) 

(ft-lbs) 

(ft-lbs) 

0 

0 

0 

0 

0 

0 

0 

35 

35 

-4.33 

-152 

-152 

53 

-228 

97 

206 

-3.92 

-376 

-528 

309 

-792 

1106 

1865 

-3.33 

-1815 

-2343 

2798 

-3515 

10208 

17704 

-1.83 

-4670 

-7013 

26556 

-10520 

17420 

62013 

0 

0 

-7013 

93020 

-10520 

24116 

149295 

1.83 

11033 

4020 

223943 

6030 

26424 

289107 

3.75 

24773 

28793 

433661 

43190 






Section 






Spar 

Spar 

Chord 

Zf 

Zr 

Zave 

IXX/4 

Area 

Weight 

(ft) 

(ft) 

(ft) 

(ft) 

( in~4 ) 

(in'2) 

(lbs) 

4 

.185 

.176 

.18 

.00 

.00 

.00 

4.17 

.193 

.184 

.19 

.02 

.01 

.03 

4.67 

.216 

.206 

.21 

.11 

t .02 

.06 

5.17 

.24 

.228 

.23 

1.07 

.13 

.69 

6.42 

.298 

.283 

.29 

12.62 

1.01 

10.20 

7.58 

.351 

.334 

.34 

52.13 

3.02 

30.52 

8.83 

.409 

.389 

.40 

146.22 

6.27 

63.41 

10 

.464 

.441 

.45 

321 .11 

10.75 

108.67 




Weight of 

one spar 

213.57 

Shear 

Web 

Web 

Web 


Total web + 

Flow 

Thickness 

Area 

Weight 


spar weight 

(lbs/in) 

(in) 

( in"2 ) 

(lbs) 


(lbs) 


0 

0 

.000 

.00 


0 


12 

0 

.000 

.00 


.11 


39 

.001 

.005 

.00 


.23 


181 

.003 

.017 

.00 


2.75 


694 

.013 

.091 

.11 


41.03 


1384 

.025 

.206 

.75 


123.57 


2132 

.039 

.373 

2.84 


259.33 


2793 

.051 

.554 

7.23 


449.13 



TOTALS : 

10.94 


876.15 




IDS 





25 Pax Moment Diaarams 

150000-1 ' □ X-Moment 

x Y-Moment 





Force, lbs 







AvLE i; IOO 




oor.i aivt>s> 




SCALE KIOO 



03 ^ 



List of Symbols 


SYMBOL 

DEFINITION 

UNITS 

ax/g 

Forward Dece 1 er at i on/ grav i ty constant 


c. g. 

Center of gravity 


Do 

Outside tire diameter 

inch 

Ds trut 

Strut diameter 

ft. 

ESWL 

Equivalent Single Wheel Load 

lb 

Et 

Kinetic Energy 

ft- lb 

h 

Ground to c.g. distance 

in. 

eg 



1 m 

Main gear to c.g. distance 

i n 

1 n 

Nose gear to c.g. distance 

i n 

nt 

Tire absorbtion efficiency 


Pm 

Main gear static load 

lb 

Pn 

Nose gear static load 

lb 

St 

Loaded tire deflection 

i nch 

Ss . 

Shock stroke length 

ft. 

W 

Tire width 

inch. 

WTO 

Take-off weight 

lb. 


c-> 
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Appendix D: Class II Landing Gear Analysis 
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Class II Landing Gear Analysis 


This appendix presents the Class II analysis of the 
landing gear for the family of commuter transports. An 
optimization versus commonality study was also completed. 

The design considerations in choosing tires and strut 
layout are: 


*Size of main gear stowage volume 
limited due to drag penalties. 

"Available stowage volume for nose 
gear limited by fuselage shape. 

"Desire to keep the LCN values for 
the airplanes low. Forced the 
tire pressures to remain low. 

The drag due to the fairing needed to store the main 
landing gear must be kept as low as possible. This required 
that the tires have as small a diameter and thickness as 
possib 1 e. 

The size of the fuselage forced the nose gear tires to be 
less than 30 inches by 9 inches. 

The Fokker F-28 has a LCN of 27. It is desirable to be 
able to have the 50 Pax airplane to operate out of the same 
airports as does the F-28. This required the tire pressures 
to be as low as possible. This consideration is believed to 
outway any of the above considerations. 


Step 1 Determine the maximum loads, critical static loads, 
which exist on the landing gear struts. the loads occured in 
the take-off configuration for all of the airplanes. Table I 
and II contains the results. 


NOTE: All calculations were carried out in 

accordance with the methods contained 
in Reference 4. 


Step 2 The tire loads were calculated accounting for federal 
regulations and growth of the airplane. The following 
tire/strut arrangements were analyzed: 

Both twin body airplanes have two nose gear struts. 
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*Tricycle, dual tire arrangement on all airplanes 

*4 main struts, dual tire arrangement for the 75 
and 100 Pax (Dual Main) 

*2 main struts, dual tandem tire arrangement for 
the 50. 75 and 100 Pax (Dual Tandem) 

The loads per tire and the equivalent single wheel loads, 
ESUL, were calculated and are contained in Table III. 


Step 3 From the design static loads of Table III and the 
limit pressures gained from the ESUL values, tires were 
choosen for each airplane for optimization analysis. Table IV 
contains a listing of the tires chosen. From this listing a 
common nose gear tire was chosen as well as a common main gear 
tire. The reason for choosing a common nose gear tire is that 
the common main gear tire would not fit in the allowable space 
for the nose gear tire. This was due to the shape of the 
fuselage. 


Step 4 Strut sizing was done for each airplane for 
optimization analysis. The struts choosen for commonality are 
based on one of two choices. The common nose gear strut is 
based on the nose gear for the 50 Pax. The common main gear 
struts can be based on the 50 Pax or the 100 Pax in the two 
strut with dual tandem tire arrangement configuration. Table 
V contains the strut sizing analysis. Step 5 discusses the 
weight penalties resulting from commonality. 


Step 5 An optimization/commonality weight analysis was done 
using the Class II weight procedures of Reference 5, Equation 
5.42. Table VI contains the results. 

To obtain a weight for the 75 and 100 Pax airplanes using 
the four main struts with dual tires the weights of the 36 and 
50 Pax were doubled. For the 75 and 100 in the dual tandem 
configuration Equation 5.43, Reference 5, was applied directly 
to the airplanes. 

Table VI lists the optimized weights for each airplane 
and then lists the weight penalties incurred by using common 
nose and main gear struts. It shows the penalties resulting 
from using either the 50 Pax main gear or the two strut, dual 
tandem 100 Pax configuration main gear strut for the common 
main gear strut. The weight penalties for the nose gears are 
based on the nose gear for the 50 Pax. 
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Appendix Ds Conclusions 


The required size of the tires for the 100 Pax, two main 
strut, dual tire configuration is considered prohibitive for 
stowage volume reasons. 

The limited space available for stowing the nose gear 
prohibits the use of a common tire for both the main and the 
nose gear. It is necessary to use a common nose gear tire 
and a common main gear tire. 

The results of the Class II weight analysis suggests that 
the dual tire, four main strut configuration for the 75 and 
100 Pax airplanes is the only viable configuration for these 
airplanes, if common landing gear struts are to be used. The 
weight penalties are just to great for the use of any other 
conf i gurat i on. 

The greatest weight penalty for implementing the 50 Pax 
gear was 769 lbs. This penalty occurred on the 25 Pax 
configurati on. 

Using main gear struts for nose gear struts was not 
considered due to the fact that even for the 50 Pax the 
resulting weight penalty would be about 500 lbs. 


Appendix Ds Recommendations 

If common landing gear struts are to be used the struts 
optimized for the 50 Pax should be used. However, the best 
arrangement would be to use a common nose gear strut and use 
optimized main gear struts to get the best blend of 
commonality and weight savings. The cost in payload is 
considered to be too great by using common main gear struts. 

A common brake assembly may be possible but this consideration 
is beyond the scope of this report. 

Due to the common maintenance requirements associated 
with tires, it is very desireabl.e to use a common tire as much 
as possible among the gear. This use of a common tire would 
ease maintenance and minimize inventory cost. 
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TABLE 1: Critical Static Loads 


Ai rp 1 ane 


We i ght 
(lb) 

C. G. 
X( in) 

1 m 

(in) 

Pm 

(in) 

1 n 

(in) 

Pn 

(in) 

25 Pax 

Take-of f 

21046 

502 

48 

8839 

252 

3367 

36 Fax 

Take-off 

31395 

579 

41 

14397 

454 

2600 

50 Pax 

Take-off 

42057 

662 

58 

18589 

442 

4879 

75 Pax 

Take-off 

60683 

587 

53 

26728 

392 

3614 

(Dual Tandem) 








75 Pax 

Take-off 

60683 

587 

53 

13364 

392 

3614 

(Dual Main) 








100 Pax 

Take-of f 

80716 

666 

54 

35999 

446 

4359 

(Dual Tandem) 








100 Pax 

Take-off 

80716 

666 

54 

18000 

446 

4359 


(Dual Main) 



Definition of and 
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TABLE II? Design Strut Loads 

Twin/Dual Tandem Dual Main 


A i rp 1 ane : 

25Pax 

36Pa x 

50Pax 

75Pax 

lOOPax 

75Pax 

lOOPax 

Critical 








Pm 

8839 

14397 

18589 

26728 

35999 

13364 

18000 

Pn 

3367 

2600 

4879 

3614 

4359 

3614 

4359 

Pn dynamic 

3783 

4097 

5392 

4844 

4922 

4844 

4922 

Pn static 

2522 

2731 

3594 

3230 

3281 

3230 

3281 

Pm FAR-25 

9458 

15405 

19890 

28599 

38519 

14300 

19260 

Pn FAR-25 

3603 

2782 

5221 

3867 

4664 

3867 

4664 

Pn Growth 

4504 

3478 

6526 

4834 

5830 

4834 

5830 

Design Maximum Static 






Pm 

11822 

19256 

24863 

35749 

48149 

17874 

24075 

Pn 

4504 

3478 

6526 

4834 

5830 

4834 

5830 

Pn dynamic 

= WTO flm + ax/g(h ) 

eg 

> / nt ( 1 m + In) 



Pn static 

= (Pn 

dynamic ) 

/ 1.5 





Pm FAR-25 

* Pm x 

1.07 






Pn FAR-25 

= Pn x 

1.07 






Pn Growth 

= (Pn 

FAR-25) 

x 1.25 
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TABLE I I I 


Tire Sizing Loads 



Design Max 

. Static 

Load/T ire 

ESWL 


Ai r p 1 ane 

Pm ( lb) 

Pn ( 1 b) 

Pm( lb) 

Pn( 1 b) 

Main( lb) 

Nose ( lb) 

25 Pax 

11822 

4504 

5911 

2252 

8889 

3386 

36 Pax 

19256 

3478 

9628 

1739 

14478 

2615 

50 Pax 

24863 

6526 

12432 

3263 

18694 

4907 

50 Pax 

24863 

6526 

6216 

3263 

12432 

4907 

(Dual Tan 

dem ) 






75 Pax 

35749 

4834 

17875 

2417 

26879 

3635 

75 Pax 

35749 

4834 

8937 

2417 

17875 

3635 

(Dual Tandem) 






75 Pax 

17874 

4834 

8937 

2417 

13439 

3635 

(Dual Main) 






100 Pax 

48149 

5830 

24074 

2915 

36201 

4383 

100 Pax 

48149 

5830 

12037 

2915 

24075 

4383 

(Dual Tandem) 






100 Pax 

24075 

5830 

12038 

2915 

18102 

4383 


(Dual Main) 
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TABLE IV: 

• .Tire 

Choices for Main 

and Nose 

Gear 


Nose Gear 
Ai rp 1 ane 

Type 

Do x W 
( in. ) 


Max. Load 
( lb) 

Pressure 
( ps i ) ' 

25 Pax 

VI I 

16 x 4.4 


2300 

120 

36 Pax 

VI I 

18 x 4.4 


2100 

100 

50 Pax 

ND 

17.5 x 6.25-6 


3750 

90 

75 Pax 

VI I 

18 x 5.5 


3050 

105 

100 Pax# 

VI I 

18 x 5.5 


3050 

105 

Main Gear 
Ai rp l ane 

Type 

Do x W Loaded Radius 

(in) (in) 

Max. Load 
( lb) 

Pressure 
(psi ) 

25 Pax 

ND 

29 x 11-10 

11.4 

7040 

60 

36 Pax 

ND 

26 x 10-11 

10.25 

9700 

1 10 

50 Pax 

ND 

H31 x 13-12 

12. 4 

17200 

155 

50 Pax ND 

(Dual Tandem) 

22 x 8-10 

9 

6500 

110 

75 Pax 

VI I 

34 x 11 

13. 9 

18300 

165 

75 Pax ND 

(Dual Tandem) 

26 x 10-11 

10.25 

9700 

110 

75 Pax 
( Dua 1 Ma i n ) 

ND 

26 x 10-11 

10. 25 

9700. 

110 

100 Pax 

ND 

37 x 14-14 

15. 1 

25000 

160 

100 Pax ND 

(Dual Tandem) 

H31 x 13-12 

12.4 

17200 

155 

100 Pax# 

ND 

H31 x 13-12 

12. 4 

17200 

155 


(Dual Main) 

* Commonality tire choice. 
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TABLE V: Main Gear Shock and Strut Sizing 

Individually Optimized 


75 Pax 100 Pax 


Ai rpl ane : 

25 

36. 

50 

Twin 

Dua 1 

Tandem 

Twin 

Dua 1 

Tandem 

Et 










ft. lbxlO 4 

4.7 

7.0 

9.4 

13.6 

13.6 

13.6 

18.0 

18.0 

18. 0 

St (in) 

6.2 

5.5 

6.2 

6.2 

5.5 

5.0 

6.8 

6.2 

6.2 

Ss (ft) 

1 . 36 

1.26 

1 . 28 

1.28 

1.32 

1.34 

1.23 

1.26 

1. 26 

Ss . 

design 

1.44 

1.34 

1.36 

1.36 

1.40 

1.42 

1.31 

1.34 

1.35 

Dstrut. f t 

.313 

.388 

.435 

.514 

.375 

.514 

. 590 

.429 

. 590 

Common Tire (St 

= 6. 

2 in) 







Ss ^ 4 

design 

1.44 

1.30 

1.36 


1.36 

1.37 


1.34 

1.35 

Dstrut , ft 

.313 

. 388 

.435 


.375 

.514 


. 429 

.590 

Twin: Two 

main 

gfear 

with 

two tires per strut 

# 




Dual: Four main gear with two tires per strut. 

Tandem: Two main gear with four tires per strut in dual tandem. 
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Optimized Common Commonality 

Gear Gear Weight Penalty 

Weights Selections 


Ai rp 1 ane 

Nose 

Main 

Nose 

Main 

Main 

Nose 

Main 

Total 

25 Pax 

201 

765 

290 

1438 

2684 

89 

673 

762 

36 Pax 

267 

1097 

290 

1438 

2684 

23 

341 

364 

50 Pax 

290 

1438 

290 

1438 

2684 

0 

0 

0 

75 Pax 

534 

2036 

580 

N/A 

2664 

46 

N/A 

N/A 

(Dual Tandem) 








75 Pax 

534 

2194 

580 

2876 

N/A 

46 

682 

728 

(Dual Main) 








100 Pax 

580 

2684 

580 

N/A 

2684 

0 

N/A 

N/A 

(Dual Tandem) 








100 Pax 

580 

2876 

580 

2876 

N/A 

0 

0 

0 


(Dual Main) 


is Based on commonality with the 50 Pax. 

2: Based on Commonality with the 100 Pax. Dual Tandem 

N/A: Not Applicable 
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23-144 200 SHEETS 


G. Swift 


CLASS I 

PoLuefplQvTV Weights I Fomilij Angles 


LS. 


12.- 


This report focuses on the weight penaltu for 
each airplane as a result of -the commonalitu 
requirements. The commalitu concept currently 
embraces “the following: J 


25,3(0,50 Passenqer Single Body Airplanes 
use Z-booo shp engines J 


75, 100 Passenger Tujin Body Airplanes use 
Z - 13,500 shp engines. 

pQqes 2 - (c show the poioerplant weight break- 
downs and the penaltu for commatalitu. 

Page \Z is a summary. 0 

It is obvious that uue can rmnimiije these weight 
penalties bu replacing the gooo and I3,soo ehp 
engines with 5,500 and II, 000 shp engines re- 
spectively, Pages 7- 11 show the results. Page \l 
provides D summary. 


The following conclusions can be made: 


1. It is essential that the required horsepower 
for the 50 and 100 passenger designs be 
pinned down. 

2. The weight penaltu for engine commanali+y can 
be expected to be as much as percent 
of the airplane take-on weight (this is for 
the Z5 passenger design — We extreme ). 





We: 

Wgb : 
Wn: 

Wprop: 
Wfs: 
Wosc : 

Data : 


We: 

Wgb: 

Wn: 

Wprop: 
Wfs: 
Wosc : 

Data : 


25 Passenger Single Body 
6,000 shp Concept 


879.39 

302.60 

678.21 

845.00 

422.58 

123.11 

shp : 

Nt : 

Kfsp: 

Kosc : 

Lnac : 

Optimized 

614.85 

177.86 
678.21 
845.00 
422.58 

86.08 


Wpwr 


5,956.10 


6 , 000.00 

2.00 

5.87 

0.07 

16.24 


Ne : 

WF: 

GR: 

Dprop: 


2.00 

3,767.00 

8.99 

10.00 


Wpwr : 


5,140.51 


shp : 


4,210.00 


Difference in powerplant weights is 


815.59 



We: 

Wgb : 
Wn: 

Wprop: 
Wfs: 
Wosc : 

Data : 


We: 

Wgb : 
Wn: 

Wprop : 
Wfs: 
Wosc : 

Data : 


36 Passenger Single Body 


6,000 shp Concept 


879.39 

302.60 

678.21 Wpwr: 5,982.12 

845.00 

448.60 
123.11 


shp : 

6,000.00 

Nt: 

2.00 

Kfsp: 

5.87 

Rose : 

0.07 

Lnac : 

16.24 


Ne: 

wf: 

GR: 

Dprop: 


2.00 

5,620.00 

8.99 

10.00 


Optimized 

655.43 

195.56 

678.21 Wpwr: 5,288.78 

845.00 
448.60 
91.76 


shp: 


4,485.00 


Difference in powerplant weights is 


693.34 


50 Passenger Single Body 


6,000 shp Concept 


We: 

879.39 




Wgb: 

302.60 




Wn: 

678.21 

Wpwr : 

5,997.29 


Wprop : 

845.00 




Wfs: 

463.77 




Wosc : 

123.11 




Data : • 

shp: 

6,000.00 

Ne: 

2.00 


Nt: 

2.00 

wf: 

6,939.00 


Kfsp: 

5.87 

GR: 

8.99 


Kosc : 

0.07 

Dprop: 

10.00 


Lnac : 

16.24 




Optimized 


We: 

Wgb : 
Wn: 

Wprop : 
Wfs : 
Wosc : 


805.40 

265.58 

678.21 

845.00 

463.77 

112.76 


Wpwr: 5,764.91 


Data: shp: 


5,500.00 


Difference -in powerplant weights is 


232.38 



75 Passenger Twin Body 


13,500 shp Concept 


We: 

1,994.73 





Wgb : 

1,021.28 





Wn : 

678.21 


Wpwr : 

9,999.53 


Wprop : 

845.00 





Wfs: 

641.81 





Wosc : 

279.26 





Data : 

shp : 

13,500.00 


Ne: 

2.00 


Nt: 

3.00 


WF: 

11,240.00 


Kf sp: 

5.87 


GR: 

8.99 


Kosc : 

0.07 


Dprop : 

10.00 


Lnac : 

16.24 





Optimized 





We: 

1,324.44 



• 


Wgb: 

555.92 





Wn: 

678.21 


Wpwr : 

7,634.37 


Wprop: 

845.00 





Wfs: 

641.81 





Wosc : 

185.42 





Data : 

shp: 

9,000.00 





Difference in powerplant weights is 


2,365.16 


100 Passenger Twin Body 
13,500 shp Concept 



ftfprop : 
Kfs: 
|Vosc : 

Data : 


'lie : 
tfgb : 
tfn : 

itfprop : 
ii{ s : 
tfosc : 

Data : 


1,994.73 

1,021.28 

678.21 
845.00 

665.22 
279.26 


Wpwr: 10,022.93 


shp : 

13,500.00 

Nt: 

3.00 

Kf sp : 

5.87 

Kosc : 

0.07 

Lnac : 

16.24 


Ne: 2.00 
WF: 13,878.00 
GR: 8.99 
Dprop: 10.00 


Optimized 


1,622.01 
751 . 16 

678.21 
845.00 

665.22 
227.08 


Wpwr: 8,685.07 


shp : 11, 000 . 00 


Difference in powerplant weights is: 


1,337.86 


25 Passenger Single Body 


We: 

Wgb : 

Wn : 

Wprop: 
Wfs: 
Wosc : 

Data : 


We: 

Wgb: 

Wn: 

Wprop : 
Wfs : 
Wosc : 

Bata : 


5,500 shp Concept 


805.40 

265.58 
678.21 
845.00 

422.58 
112.76 


Wpwr : 


5,723.73 


shp : 
Nt : 
Kfsp: 
Kosc : 
Lnac : 


5,500.00 

2.00 

5.87 

0.07 

16.24 


Ne: 

WF: 

GR: 

Dprop : 


2.00 

3,767.00 

8.99 

10.00 


Optimized 

614.85 

177.86 
678.21 
845.00 
422.58 

86.08 


Wpwr : 


5,140.51 


shp : 


4 , 210.00 


Difference in powerplant weights is 


583.22 



36 Passenger Single Body 
5,500 shp Concept 


We: 

805.40 




Wgb: 

265.58 




Wn: 

678.21 

Wpwr : 

5,749.74 


Wprop : 

845.00 




Wfs : 

448.60 




Wosc : 

112.76 




Data: 

shp: 

5,500.00 

Ne : 

2.00 


Nt: 

2.00 

WF: 

5,620.00 


Kfsp: 

5.87 

GR: 

8.99 


Rose : 

0.07 

Dprop : 

10.00 


Lnac : 

16.24 




Optimized 




We : 

655.43 




Wgb: 

195.56 




Wn: 

678.21 

Wpwr: 

5,288.78 


Wprop : 

845.00 




Wfs: 

448.60 




Wosc : 

91.76 




Data: 

shp : 

4,485.00 




Difference in powerplant weights is 


460.96 



50 Passenger Single 

Body 




5,500 shp 

Concept 




We: 

805.40 





Wgb : 

265.58 





Wn: 

678.21 


Wpwr : 

5,764.91 


Wprop : 

845.00 





Wfs: 

463.77 





Wosc : 

112.76 





Data : 

shp : 

5,500.00 


Ne: 

2.00 


Nt: 

2.00 


WF: 

6,939.00 


Kfsp: 

5.87 


GR: 

8.99 


Kosc : 

0.07 


Dprop: 

10.00 


Lnac : 

16.24 





Optimized 





We: 

805.40 





Wgb: 

265.58 





Wn: 

678.21 


Wpwr : 

5,764.91 


Wprop: 

845.00 





Wfs: 

463.77 





Wosc : 

112.76 





Data : 

shp: 

5,500.00 




Difference 

( in powerplant weights is: 

0.00 




75 Passenger Twin Body 


11,000 shp Concept 


We: 

Wgb : 
Wn: 

Wprop : 
Wfs : 
Wosc : 

1,622.01 
751 . 16 
678.21 
845.00 
641.81 
227.08 


Wpwr : 

8,661.67 

Data : 

shp: 
Nt: 
Kfsp: 
Kosc : 
Lnac : 

11,000.00 

3.00 

5.87 

0.07 

16.24 


Ne: 2.00 
WF: 11,240.00 
GR: 8.99 
Dprop: 10.00 


Optimized 




We: 

Wgb: 

Wn: 

Wprop : 
Wfs: 
Wosc : 

1,324.44 

555.92 

678.21 

845.00 

641.81 

185.42 


Wpwr : 

7,634.37 

Data : 

shp: 

9,000.00 




Difference in powerplant weights is: 1,027.30 


100 Passenger Twin Body 


11,000 shp Concept 


We: 

Wgb : 

Wn : 

Wprop : 
Wfs: 
Wosc : 

1,622.01 
751 . 16 

678.21 
845.00 

665.22 
227.08 


Wpwr : 

8,685.07 


Data : 

shp: 
Nt: 
Kfsp: 
Kosc : 
Lnac : 

11,000.00 

3.00 

5.87 

0.07 

16.24 


Ne: 

WF: 

GR: 

Dprop : 

2.00 

13,878.00 

8.99 

10.00 


Optimized 





We: 

Wgb: 

Wn: 

Wprop : 
Wfs: 
Wosc : 

1,622.01 

751.16 

678.21 
845.00 

665.22 
227.08 


Wpwr : 

8,685.07 


Data : 

shp: 

11,000.00 





Difference in powerplant weights is 


0,00 



Class II Powerplant Commonality Analysis 


Airplane : 

WTO: lbs 

Commonality 
Penalty: lbs 

% 

of WTO 

6,000 shp concept 
25 Pass 

21,046.00 

815.59 


3.88 

36 Pass 

31,395.00 

693.34 


2.21 

50 Pass 

42,057.00 

232.38 


0.55 

13,500 shp concept 
75 Pass - Twin 

60,683.00 

2,365.16 


3.90 

100 Pass - Twin 

80,716.00 

1,337.86 


1.66 

Class II Powerplant 

Commonality 

Analysis 



Airplane : 

WTO: lbs 

Commonality 
Penalty: lbs 

% 

of WTO 

5,500 shp concept 
25 Pass 

21,046.00 

583.22 


2.77 

36 Pass 

31,395.00 

. 460.96 


1.47 

50 Pass 

42,057.00 

0.00 


0.00 

11,000 shp concept 
75 Pass - Twin 

60,683.00 

1,027.30 


1.69 

100 Pass - Twin 

80,716.00 

0.00 


0.00 


